We review our current understanding of the thermal interactions between the mantle, outer and inner cores, and how they determine the present geomagnetic field pattern and the seismic structure of the core. First, we describe the evolution of the radial structure of the core. The formation of several structures is placed in the context of the Earth's history. We review the heat flow across the core-mantle boundary, and show a simple model of the inner core growth. We present a model of the initial chemical stable stratification of the core and its subsequent disruption. Model calculations show that viscous compaction efficiently expels liquid from the inner core, and also causes a crust-like structure to form beneath the inner-core boundary because the inner core growth rate gradually decreases. Next, we consider how the radial structure is modified as a result of the lateral variation of heat transfer in the core. The inner core grows in an anisotropic manner as a consequence of the columnar convection in the outer core, which results in a latitudinal variation of heat transfer. This anisotropic growth gives rise to the observed seismic anisotropy in the inner core. In addition to the latitudinal variation, a longitudinal variation of convective heat flux is likely in the outer core because the mantle is thermally heterogeneous. We show, from experimental and theoretical methods, how this modifies the pattern of the outer core flow and the inner core growth. Spatial and temporal characteristics of the geomagnetic field and the longitudinally heterogeneous seismic structure of the inner core can be interpreted in terms of this modification.
In the remainder of this section, we first give estimates of the heat flow across the CMB, which is important in the thermal history of the Earth's core, and then discuss three consequent one-dimensional models of the structures of the core: the inner core growth, possible initial stable density stratifications in the outer core, and the partially molten structure in the inner core.
Tackley et al. [1994] give a CMB heat flow of about 7 x 1012W, although the effect of secular cooling is ne- 
where Coc is the heat capacity of the outer core. Since the temperature of the ICB is at the liquidus, we can relate the cooling rate of the ICB and the change of the inner core radius as dT•cB dT•cB dp dr dR•c dTL :
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where Tic B is the ICB temperature, T L is the liquids temperature, p is the pressure, r is the radical coordinate, Ric is the radius of the inner core, p is the density, and g is the gravitational acceleration. Here we omit the effect of composition on the liquidus, because the composition of the outer core does not change much when the inner core is small. On the other hand, if the temperature gradient of the core is adiabatic, the ICB temperature decrease may be related to the potential temperature change dO/dt as dTicB dO dTad dp dr -+ dt dt dp dr dt dO dRic dTad = where dTad/dp is the adiabatic temperature gradient.
Combining these two equations, we get dt --Pg dt k •PP dp ' This estimate indicates that the inner core has grown to its present size in a time scale of the age of the Earth. The corresponding growth rate of the inner core at present is about 0.1 mm/y, which is a rate comparable to or larger than the sedimentation rate of the deep sea sediment.
If we consider a partially molten inner core, the inner core would grow faster, but this effect is small because the melt is efficiently expelled by compaction (section 2.5). The effects which act as additional heat sources (latent heat and gravitational energy) tend to increase the age of the inner core, and more detailed calculations will give an older age. Indeed, with the CMB heat flow of 4 x 10 TM W,' Lister and Buffeft [1998] and Buffeft [2000] , for example, obtained the age of 4.5 x 109 y and 2.2 x 109 y, respectively, with the difference between the two being due mainly to the uncertainty in the estimate of (dTL/dp-dTad/dp). Lister and Buffeft [1998 ] also showed that the inner core radius increases as t 5/6 when the outer core is stably stratified initially. The problem of the initial stratification is discussed below.
2.•. Initial Density Stratification of the Outer Core and its Destruction
In this section we discuss the stable density stratification of the whole outer core which may have existed at the beginning of the Earth's history [Muromachi, 1991 [Layer et al., 1996] signify that most of the outer core was already vigorously convecting at 3.5 Ga. The initial stable stratification, therefore, should have been disrupted by some mechanism during the first I Ga of the Earth's history.
The mechanisms of the disruption of the stable stratification can be gradual or catastrophic. Gradual mechanisms include encroachment or entrainment [Lister and Buffeft, 1998 ]. Catastrophic mechanisms include •idM resonance of inertial-gravity waves [Kumazawa et Here we investigate the encroachment mechanism based on the theory of Lister and Buffeft [1998] . The situation is shown in Fig. 1 . Encroachment is a mechanism in which stratification is gradually disrupted by the convection developing under the stratified layer. The position of the interface between the two layers is determined by the condition that the buoyancies just above and below the interface are the same [Turner, 1973] . Lister and Buffeft [1998] examined the movement of the interface between a thermally stratified layer beneath the CMB and a compositionally convecting outer core, but their theory can easily be extended for the case of initial chemical stratification.
In the present case, the thickness of the stratified layer decreases as the light element content in the convecting region increases with inner core growth. Let us assume that the initial radial profile of light element concentration takes the form of C-Co + AC r
RCMB '
where C is the concentration, RCMB is the CMB radius, and Co and AC are constants. The functional form is derived as follows. The pressure at the CMB will increase as R•M B as the Earth grows. If the solubility is proportional to the pressure, the concentration will vary as r 2 accordingly. We can estimate that the temperature effect on solubility would work in a similar way. If the mantle convection is vigorous in the early Earth, the temperature distribution would follow the adiabatic gradient. Then the temperature would be proportional to the pressure. Assuming that the solubility is proportional to temperature, the concentration would also vary as r 2.
Let us denote the radius at the bottom of the stable layer as R8 as shown in Fig.1 . If the compositional buoyancy is much larger than the thermal one, R8 is determined by the continuity of the concentration given by
C(R• +) -C(R;). (12)
The concentration of the stable layer is given by Eq (11), whereas that of the convecting lower layer is given 
C-(R] -R• c ) -Co R] + • A C R] . (14)
Here the convecting lower layer is assumed to be well mixed, and has a uniform composition of C-. Sumira et al. [1996] studied the viscous compaction of the solid matrix of a partial melt in a growing inner core and showed that the compaction efficiently expels melt from the inner core. They neglected thermal and compositional effects, and investigated a onedimensional sedimentary compaction problem in detail. In the Earth's core, the sedimentation velocity (i.e., solidification rate) Vo is much less than the Darcy velocity defined as ps, In addition, the tendency for compositional cooling is diminished by the partition coefficient of hydrogen close to unity [Fukai, 1992; Okuchi, 1997] ; i.e., considerable amount of hydrogen can enter in the inner core, and not much hydrogen is released upon freezing of the inner core. Hence, if the major light element in the core is hydrogen, the inner core would be completely solid with a sharp boundary.
LATERAL VARIATION OF CORE

STRUCTURES
In the previous section, we have considered the inner core growth under spherical symmetry. We now proceed to consider how this is modified by the convective pattern of the outer core which is strongly controlled by rotation and mantle structure as we show below.
Anisotropic Growth of the Inner Core
Convection in the outer core is strongly controlled by rotation and its spherical geometry. Busse [1971] This type of anisotropy appears as a natural consequence of the anisotropic growth explained above. Yoshida et al. [1996] proposed that preferred orientation of iron crystals occurs due to the flow induced by the anisotropic growth. This was calculated using a preferred orientation theory by Kamb [1959] 
Effect of Thermally Heterogeneous Mantle
Apart from the rotational control of heat transfer, it is also likely that the core flow is controlled by a thermally heterogeneous mantle, which was first suggested by Jones [1977] . Cubbins and Richards [1986] would also become important to separate the thermal and compositional effects on seismic anomaly.
In this paper, we showed that thermal interactions between the mantle, outer and inner cores can explain a number of major dynamical structures in the core. The inner core growth is sensitive to how heat is being transferred by convection in the outer core. This implies that the inner core structure can be a good recorder of the heat flow pattern and the thermal history of the outer core and mantle. A continued cross-disciplinary research of the thermally coupled mantle, outer and inner cores should give us a better understanding of how the Earth's interior operates as a system. 
APPENDIX: DERIVATION OF EQ.(20)
The radial temperature profile in the .convecting layer T-is then given by the adiabatic relationship as
d• • , (A3) t) -(t) -
where the adiabatic temperature gradient dTad/dp is assumed to be constant, and O-is the potential temperature of the convecting lower layer. The potential temperature is defined here as the temperature which the fluid element would have if it were brought adiabatically to the center of the Earth. The temperature distribution of the stratified upper layer T + is also given in the form dTadAp r ,
T + (r, t) -e + (t) -dp RCMB 
